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Abstract: The main purpose of this study was to forecast the inflow to Hongze Lake using the Xin’anjiang 
rainfall-runoff model. The upper area of Hongze Lake in the Huaihe Basin was divided into 23 sub-basins, 
including the surface of Hongze Lake. The influence of reservoirs and gates on flood forecasting was considered 
in a practical and simple way. With a one-day time step, the linear and non-linear Muskingum method was used 
for channel flood routing, and the least-square regression model was used for real-time correction in flood 
forecasting. Representative historical data were collected for the model calibration. The hydrological model 
parameters for each sub-basin were calibrated individually, so the parameters of the Xin’anjiang model were 
different for different sub-basins. This flood forecasting system was used in the real-time simulation of the large 
flood in 2005 and the results are satisfactory when compared with measured data from the flood.  
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1 Introduction 
The Huaihe River is located between latitudes 31ºN and 35ºN and longitudes 112ºE and 
121ºE. It originates in the Tongbai Mountains of Henan Province, flows into the Yangtze River 
and Yellow Sea and covers four provinces. The length of the main Huaihe River is 1000km and 
the total area of the river basin is 19.12×104km2. There are over one hundred reservoirs in the 
Huaihe Basin and over twenty gates for flood control and irrigation in the river system. The area 
above Wangjiaba, covering 3.08×104 km2, is regarded as the upper stream, where the channel 
bed slope and the flow velocity are large. The area from Wangjiaba to Sanhe Gate is the 
middle stream. In this section the channel slope is not large. Since the 1950s, more than twenty 
flood diversion and retarding areas have been built along both banks of the channel or inside 
the channel so that large floods can be stored in the ponds and their peak volume can be 
reduced. Some important industrial cities, such as Bengbu and Huaibei, are situated on the 
north bank of the Huaihe River in the middle stream. Sanhe Gate is the outlet of Hongze 
Lake, and the area below Sanhe Gate constitutes the lower Huaihe River. The area above 
Hongze Lake is 15.8×104 km2 and the maximum surface area of Hongze Lake is 3 700 km2,
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with a total water storage capacity of 135×108 km3. Flood disasters over the whole Huaihe 
Basin usually occur every four or five years. In August 1975, two large reservoirs were 
breached because of heavy rainfall caused by a hurricane. Hongze Lake has a large storage 
capacity and flood water can be stored during the flood season and used for irrigation the next 
spring. Therefore, the amount of water released through Sanhe Gate is very important. If more 
flood water is released than received during a flood season, the water stored in Hongze Lake 
will not be sufficient for irrigation needs in the spring of the following year. If the volume of 
the incoming flood is greater than the volume of water released, it may cause more flood 
disasters in the upper reaches of the Huaihe River. Thus, the operation of Sanhe Gate depends 
on the forecasting of the hydrograph of inflow to Hongze Lake. This study examined the 
forecasting of the inflow hydrograph based on the Xin’anjiang model, especially for the first 
flood of the flood season. Prior to our research, only the empirical method based on the API 
and unit hydrograph methods had been used (HRC 2002).  
Rainfall-runoff and flood forecasting based on hydrological models is complicated, and 
the influences of the operation of reservoirs and flood gates on flood control or irrigation and 
of the flood diversion and retarding areas on flood control should be considered. In flood 
forecasting of large basins, distributed flow routing models have been used to route the 
discharge from the first hydrological station to the outlet of the basin and distributed 
rainfall-runoff models have been used to forecast the hydrograph of the first hydrological 
station and the tributary inflow (Fread 1992). Because this study focused on the forecasting of 
inflow to Hongze Lake, especially during the first flood of the flood season, the operation of 
reservoirs and gates was considered in a simple way. The operation of flood diversion and 
retarding areas was not considered, for two reasons: they were not used before the first flood, 
so they had less influence on the flood forecasting, and all of the water stored in the areas 
would flow into Hongze Lake after flooding, so although the flood discharge hydrograph was 
modified by the operation of flood diversion and retarding areas, their influence on the volume 
of inflow to Hongze Lake was less significant. As for the flood forecasting and flood routing 
along the Huaihe River, related research can be found (Li 1997; Li and Kong 1998; Li et al. 
2001; Bao et al. 2007; Li et al. 2008). 
2 Study area and hydrological station   
According to the distribution of hydrological stations, rain gauge stations, and natural 
river boundaries, the upper area of Hongze Lake in the Huaihe Basin was divided into 23 
sub-basins, including the surface of Hongze Lake. The principle used to delineate the 
sub-basins was that there should be one hydrological station at the outlet of each sub-basin and 
at least one rain gauge station inside each sub-basin, making the calibration of a hydrological 
model for each sub-basin with discharge and rainfall data possible and real-time flood 
forecasting of each sub-basin with updated rainfall data feasible. The characteristics of each 
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sub-basin and the number of rain gauge stations are listed in Table 1. 
Table 1 Characteristics of sub-basins 
Serial 
number of 
sub-basin 
Hydrological 
station/Sub-basin 
region 
Number 
of rain 
gauge 
stations* 
Area 
(km2)
Serial 
number of 
sub-basin
Hydrological 
station/Sub-basin 
region 
Number 
of rain 
gauge 
stations* 
Area 
(km2)
1 Xixian 7 8 826 13
Southern area between 
Lutaizi and Bengbu 4 9 225 
2 Bantai 8 5 001 14 Mingguang 2 3 470 
3
Area between Bantai, 
Xixian and Wangjiaba 8  8 811 15 Linhuanji 3 2 470 
4 Jiangjiaji 4 3 000 16 Suxian 4 6 467 
5 Hengpaitou 6 1 130 17 Huaibei I 4 4 567 
6
Southern area between 
Wangjiaba and Lutaizi 9  6 227 18 Huaibei II 3 4 567 
7 Zhoukou 9 25 800 19 Sihong 4 3 626 
8
Area between 
Zhoukou and Fuyang 7  9 946 20 Jinsuozhen 2 1 842 
9
Northern area between 
Wangjiaba and Lutaizi 5  6 227 21 Hubin I 5 4 060 
10 Boxian 4 10 575 22 Hubin II 6 4 060 
11 Mengcheng 2  4 900 23 Hongze Lake surface 5 1 700 
12
Northern area between 
Lutaizi and Bengbu 5  8 000 
* Because some rain gauge stations serve two sub-basins, the sum of the rain gauge stations in the 23 sub-basins is over 68. 
The four provincial hydrological departments in the Huaihe Basin manage over two 
hundred rain gauge stations that collect data in real time. In this study, data from only 68 rain 
gauge stations were obtained from the Flood Control and Drought Relief Office of Jiangsu 
Province. All of the historical data were collected for the model calibration. 
3 Methodology 
Because the traveling time for flow from Wangjiaba to Hongze Lake is about 12 days, a 
time step of one day was adopted. The modeling system was designed to forecast the 
discharge hydrographs at the stations of Lutaizi and Bengbu or in the sub-basins of Huaibei I 
and Huaibei II along Hongze Lake, as well as the inflow to Hongze Lake. The Xin’anjiang 
model was used for rainfall-runoff forecasting and the Muskingum method was used for 
channel routing. South of the Huaihe River, the terrain is mountainous, whereas there is a 
plain north of the river, with good drainage, deep and thick topsoil and a water table depth of 
only several meters. The surface runoff that forms in the northern part of the basin is less than 
that in the southern part with the same amount of rainfall. This difference in topographic 
characteristics was considered in the calibration of the Xin’anjing model. In the model 
calibration and real-time flood forecasting, observed evaporation data from the Lutaizi station 
was used as the evaporation from the area above Bengbu, and data from Sanhe Gate was used 
for the area below Bengbu. For the application of the Xin’anjiang model, each sub-basin was 
divided into several sub-units according to the distribution of rain gauge stations. There was at 
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least one rain gauge station in each sub-unit. 
3.1 Channel routing method 
A one-dimensional unsteady flow model is considered suitable for any kind of channel 
flow routing (Fread 1992; Anderson and Burt 1985). In China, the Muskingum method is 
widely used for flood routing in real-time flood forecasting systems when it is suitable (Zhao 
1983; Zhao and Liu 1996). The channel bed slope of the upper stream of the Huaihe River is 
about 0.05% and the slope of the middle stream is 0.003%. The Muskingum method is 
completely suitable for the upper stream and moderately suitable for the middle stream (Li 
1997; Li and Kong 1998; Li et al. 2001; Bao et al. 2007; Li et al. 2008).  
The application of the Muskingum method in China (Zhao 1983) can be summarized as 
follows: the storage equation of the Muskingum method can be expressed as  
W KQc                                    (1) 
(1 )Q xI x Qc                                   (2) 
where W is the channel storage, Qc is the routed discharge, Q is the channel outflow, I is the 
channel inflow, x reflects the flood wave diffusion, and K is the wave traveling time in a 
steady flow situation with channel storage W, which can be estimated by 
0
d
d
W L LK
Q C vD                                (3) 
where L is the channel length,  is the original inflow, C is the wave velocity, 0Q v is the 
average flow velocity at the cross section, and D is a constant. The parameter x is calculated 
as
1
2 2
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L
                                  (4) 
where  is the characteristic river length, defined as l
0
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where i0 is the channel bed slope, H is the water stage, and the subscript of 
0
H
Q
§ ·w¨ ¸w© ¹  means  
that flow remains constant. The parameter l is a function of Qc . From Eqs. (3) through (5), 
 and  can be obtained. The linear relationships of  to Q( )K Qc ( )l Qc l c  and K to  are 
assumed, so that x and 
Qc
Qc  have a linear relationship as well. In practical applications, the 
parameters of the Muskingum method from Wangjiaba to Bengbu are as follows: 
72 0.001592K Qc  , 0.30 0.0000769x Qc                  (6) 
In order to get an accurate solution, the condition t K' | ( t' means time step) should be 
satisfied. In Eq. (6), it is evident that >K t' , and the channel should be divided into n
sub-channels. The parameters  and eK ex of each sub-channel are  
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3.2 Real-time correction 
There are many methods for real-time correction. At least two methods are widely used in 
China. The first is a combination of forecasting and correction, such as the CLS and 
Muskingum methods coupled with a Kalman filter (Fread 1992; Anderson and Burt 1985; Zhu 
1993). The second is the use of a hydrological model in combination with an error forecasting 
model. The least-square error regression method is often used to forecast the error.  
This study adopted the second method. The parameters in the error forecasting model can 
be estimated using the least-square method with the forgotten factor and the recursive method. 
Details can be found in the literature (Lettenmaier and Wood 1992; Nemec 1986). The 
least-square method was used to estimate the order of error auto-regression. The sum of the 
square errors, which equals the sum of the squares of the actual error minus the forecasted 
error, is drastically decreased when the order is two. Therefore, the order of two was chosen as 
the auto-regression number for all stations. When the order is determined, the parameters in 
the error forecasting model can be estimated with the recursive method. The forgotten factor 
was estimated to be 0.99. 
3.3 Influence of main reservoirs and flood gates
The forecasting of inflow to Hongze Lake is conducted by the Flood Control and Drought 
Relief Office of Jiangsu Province. Because all of the reservoirs, flood gates and flood diversion 
and retarding areas are located in Anhui Province, their operation is managed by Anhui 
Province or the central government of China. The reservoirs are of two types with different 
influences. The first type includes ten large reservoirs with measured outflow, routed to the 
outlet of the sub-basin, and the second type includes over one hundred small and mid-sized 
reservoirs. The influence of the second type of reservoirs was not considered completely in the 
flood forecasting. There are over 20 large flood/irrigation gates in the main channel and 
tributaries. Rainfall-runoff simulation and channel routing were conducted according to updated 
rainfall data and the current operational status of reservoirs and flood gates. Here, only the 
influences of Fuyang Gate on the Shaying River, Mengcheng Gate on the Wohe River, and ten 
large reservoirs in the tributaries of the upper basin were considered. Fuyang Gate and 
Mengcheng Gate were built in the 1970s and they are almost always closed in dry seasons for 
irrigation purposes. During the first flood of each year, at the beginning of rainfall, they are 
partially opened, and when a large flood is forecasted they are fully opened.   
The ten reservoirs of the first type were grouped into three categories based on their 
locations in tributaries: the reservoirs whose outflow passes through Fuyang Gate, the 
reservoirs whose outflow passes into Suya Lake and the Hongru River, and the reservoirs 
situated in the main stream of the Huainan sub-basin. During the dry season that lasts from 
October to May, the channel flow is used for irrigation. The practical and simple way that 
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channel routing from reservoirs was considered in daily operation is as follows: 
(1) There are two methods for estimating or determining the operation status of Fuyang and 
Mengcheng gates. First, real-time information can be obtained from the Hydrological Bureau of 
Anhui Province. For the other provinces, it is difficult to obtain exact real-time information. 
Second, the gate settings can be determined by comparison of the forecasted discharge with the 
observed outflow from the gate. For this purpose, the influence of Fuyang and Mengcheng gates 
is quantified with an open rate. The open rate changes from 0 to 1. The value of 0 means that the 
gate is closed and the value of 1 means the gate is wholly open. The actual forecasted outflow 
from the gate is the forecasted hydrograph multiplied by the open rate. 
(2) The season is also taken into consideration during forecasting. Irrigation is assumed to 
take place during the dry season. If the total outflow from five reservoirs in the tributaries to 
the south of the Huaihe River and the main channel is less than 500 m3/s, it is all being used 
for irrigation and flow cannot be routed to the Bengbu station. 
4 Model calibration 
The Xin’anjiang model is a conceptual rainfall-runoff model, widely used in humid and 
semi-humid areas of China (Zhao 1983; Zhao and Liu 1996). As an example, the model of the 
Xixian sub-basin was calibrated using daily rainfall, discharge and evaporation data from 1980 
to 1983 (Table 2). The results show that the error is small, with a Nash-Sutcliffe criterion or 
coefficient of determination exceeding 0.90 for each year (Nemec 1986). In order to show the 
different topographic characteristics of the areas north and south of the Huaihe River, the 
parameters of the northern and southern sub-basins of the Lutaizi station are presented in 
Table 3. 
Table 2 Calibrated daily data from Xixian station
Annual runoff 
Year Annual rainfall (mm) 
Annual potential 
evapotranspiration 
(mm) 
Simulated 
(mm) 
Observed 
(mm) 
Relative error 
(%)
Nash-Sutcliffe 
criterion 
1980 1 472.2 705.3 1 142.5 1 121.5 –1.87 0.95 
1981 .965.5 773.0 .264.7   276.1 4.13 0.91 
1982 1 325.3 580.9 .841.1   755.8  –11.40 0.95 
1983 1 392.4 632.9 1 258.8 1 278.0    1.50 0.94 
The hydrological model parameters of the sub-basins of Lutaizi, Bengbu, Huaibei and 
Huainan along Hongze Lake should be calibrated individually. In reality, it is difficult to 
calibrate the model using continuous daily data from a large basin because of the influence of 
irrigation and human activity. Generally, the simulated runoff is larger than the observed 
hydrograph during the dry season, because much of the water is being used for irrigation. 
Observed data from 12 flood events were used to calibrate the models for the sub-basins of 
Lutaizi and Bengbu. The parameters of the four sub-basins north of the Huaihe River from 
Bengbu to the outlet of Hongze Lake were calibrated at the same time. The sum of the 
discharge hydrograph forecasted for the four sub-basins was compared with the sum of the 
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observed discharge hydrograph from five hydrological stations (Jinsuozhen, Fengshan, 
Sihonglao, Sihongxin and Tuanjie gates) to calibrate the model. Because there are a lot of 
gates on the rivers of the four sub-basins, seven flood events with more representative data 
sets were chosen. There has been a small dam near the outlet of the Chihe sub-basin (south of 
the Huaihe River) since 1982, and it stores the runoff of small floods. In this case, five flood 
events were chosen. Tables 4 through 7 show the flood events for different sub-basins. 
Table 3 Parameters of Xin’anjiang model for Xixian station and two sub-basins north and south of Lutaizi station 
Value 
Parameter Physical description Xixian 
station 
Northern 
sub-basin of 
Lutaizi station 
Southern 
sub-basin of 
Lutaizi station 
Kc Ratio of potential evapotranspiration to pan evaporation 1.25 1.00 1.00 
B Distribution exponent of tension water capacity  0.4  0.4  0.4 
C Evapotranspiration coefficient of deeper layer  0.2 0.16 0.12 
WM Tension water storage capacity  120  180  120 
WUM Tension water storage capacity of upper layer   20   60   20 
WLM Tension water storage capacity of lower layer   60   60   40 
IM Ratio of impervious area to the total area of the basin  0.01  0.01  0.01 
SM Free water storage capacity   10   60   20 
EX Distribution exponent of free water storage capacity  1.2   1.2   1.2 
KG Outflow coefficient of free water storage to groundwater flow 0.45  0.45  0.15 
KI Outflow coefficient of free water storage to interflow 0.25  0.25  0.55 
CG Recession constant of groundwater storage 0.98  0.98  0.95 
CI Recession constant of lower interflow storage 0.85  0.85  0.85 
CS Recession constant of channel network storage 0.18  0.35  0.35 
Lag Lag time in sub-basin   0    1    1 
X Muskingum coefficient  0.2   0.1   0.1 
NA Number of sub-units   8    1    1 
IA Number of inflows   8    0    0 
Table 4 Simulated results of different flood events at Lutaizi station 
Runoff Peak discharge Number 
of flood 
event 
Beginning 
of flood 
Average 
rainfall
(mm) 
Observed
(108 m3)
Forecasted
(108 m3)
Relative 
error 
(%)
Observed
(m3/s)
Forecasted
(m3/s)
Relative 
error 
(%)
Nash- 
Sutcliffe 
criterion 
1 1986-07-11 138.8  47.8  52.6 10.0 3 470  4 096.2 18.4  0.82 
2 1987-08-21 176.3  87.8  87.2  0.78 4 571  4 698.2 2.8  0.95 
3 1989-06-04 133.8  33.1  38.4 15.8 2 770  3 268.4 18.4  0.80 
4 1989-08-01* 181.2  83.3  80.9   2.9 4 010  5 591.7 39.5  0.84 
5 1991-06-01* 223.3  95.9 117.5 22.5 7 160 13 159.8 83.8 1.43 
6 1991-06-28* 353.2 196.8 223.4 13.5 8 064 15 064.6 86.9 0.03 
7 1995-06-18 168.0  23.6  22.6   4.5 1 970  2 019.5 2.6  0.89 
8 1996-06-24* 390.9 130.5 150.8 15.5 6 630  7 117.0 7.4  0.82 
9 1996-11-01 102.1  44.3  36.3  18.7 4 950  4 244.3  14.2  0.60 
10 1998-06-25* 226.3  76.1  82.4 8.2 7 171  8 960.5 25.0  0.83 
11 1998-07-26* 308.9 113.5 111.8  1.46 5 485  6 211.4 13.3  0.91 
12 2002-06-20 215.1  60.2  55.9   7.2 5 620  5 268.0   6.3  0.89 
*Flood diversion and retarding areas were applied  
5 Discussion of the calibrated results  
The structure of the flood forecasting system was organized as described above. Tables 4 
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through 7 show the calibrated results for different sub-basins. Figure 1 show the simulated and 
observed discharge hydrographs from June 20 to July 15, 2002 at Lutaizi and Bengbu stations. 
The following discussion is organized by station.
Table 5 Simulated results of different flood events at Bengbu station 
Runoff Peak discharge Number 
of flood 
event 
Beginning 
of flood 
Average 
rainfall 
(mm) 
Observed
(108 m3)
Forecasted
(108 m3)
Relative 
error 
(%)
Observed
(m3/s)
Forecasted
(m3/s)
Relative 
error  
Nash- 
*Flood diversion and retarding areas were applied  
Table 6 Simulated results of the sum of four northern sub-basins for different flood events
Table 7 Simulated results of different flood events at Mingguang station
(1) The Lutaizi station: Table 4 shows that the accuracy of the simulated results of six 
flood events was high when the flood diversion and retarding areas were not in use, reaching 
the first grade of The Accuracy Standard of Hydrological Forecasting in China (HBMWRC 
2001). The other six floods were influenced by the operation of flood diversion and retarding 
areas. For example, during the large flood of 1991, which was the second largest flood since 
1950, all of the flood diversion and retarding areas were opened to reduce the water stage. In 
order to guarantee the safety of Huaibei, the water stage at the Zhengyangguan station should 
not exceed 26.50 m. Because the influence of flood diversion and retarding areas was not 
considered by the forecasting system, as stated above, the forecasted peak discharge and flood 
(%)
Sutcliffe 
criterion 
1 1986-07-11 163.5  63.1  62.2   1.32 3 760  4 092.4 8.9  0.93 
2 1987-08-21* 159.6 111.0 110.8   0.16 4 610  5 568.1 20.8  0.91 
3 1989-06-04 123.2  31.7  34.5 8.86 2 600  2 861.9 10.1  0.85 
4 1989-08-01* 167.5 112.5 107.0   4.86 4 420  4 602.4 4.2  0.83 
5 1991-06-01* 233.0 110.6 122.6 10.83 6 240  8 670.0 39.0  0.39 
6 1991-06-28* 329.4 259.9 250.2   3.76 7 750 10 061.8 29.9 0.22 
7 1995-06-18  60.3  14.0  16.3 16.42 1 910  1 994.5 4.5  0.83 
8 1996-06-24* 280.3 150.7 158.7 5.33 6 180  7 474.4 21.0  0.86 
9 1996-11-01  87.2  51.6  47.6   7.82 4 660  4 967.3 6.6  0.91 
10 1998-06-25* 235.2  96.2  96.4 0.29 6 300  7 876.6 25.1  0.71 
11 1998-07-26* 248.9 126.1 130.7 3.67 5 470  6 027.1 10.2  0.81 
12 2002-06-20 134.7  66.9  63.6 5.39 5 600   5 647  0.81 0.08 
Runoff Peak discharge Number 
of flood 
event 
Beginning 
of flood 
Average
rainfall
(mm) 
Observed 
(108 m3)
Forecasted
(108 m3)
Relative 
error 
(%)
Observed
(m3/s)
Forecasted 
(m3/s)
Nash- 
Relative 
error  
(%)
Sutcliffe 
criterion 
1 1987-06-27  97.3  2.6  3.0 16.31   380  388.1 2.2 0.81 
2 1990-07-05 142.0  7.2  6.7   7.19 1 539 1 176.1  23.5 0.91 
3 1990-07-22 239.4 23.5 19.6  16.88 1 393 1 124.9  19.2 0.84 
4 1991-06-26 456.2 42.1 41.8   0.80 1 323 1 782.6 34.8 0.52 
5 1993-06-14 386.1 14.8 11.9  19.70   811 475.1  41.4 0.59 
6 1998-06-19 234.4 18.0 16.2  10.59 1 640 1 615.4   1.4 0.78 
7 1998-07-25 326.0 33.7 35.4 5.19 2 706 3 391.3 25.4 0.80 
Runoff Peak discharge 
Beginning 
of flood 
Ending of 
flood 
Average 
rainfall 
(mm) 
Observed 
(108 m3)
Forecasted
(108 m3)
Relative 
error (%)
Observed 
(m3/s)
Forecasted 
(m3/s)
Relative 
error (%) 
Nash- 
Sutcliffe 
criterion 
1988-07-17 1988-08-02  91.3 0.46 0.48 4.38  143  120.4 15.7 0.44 
1991-05-14 1991-06-25 393.3  9.4  7.8 18.45 2 040 1 464.9 28.1 0.89 
1991-06-26 1991-10-01 681.0 14.7 14.6  1.07 1 780 1 822.4 2.4 0.87 
1998-06-19 1998-07-24 236.6  4.3  3.4 19.50 849  763.6 10.0 0.81 
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volume were larger than those observed. The six forecasted peak discharges and four forecasted 
flood volumes were indeed larger than those observed, especially for the 1991 flood: the two 
observed peak discharges during June were 7160m3/s and 8064m3/s, while the forecasted peak 
discharges were 13159.8m3/s and 15064.6m3/s. This means that the forecasted peak discharge 
was 80% larger than the observed discharge. The investigation after the flood season of 1991 
estimated a natural flood peak discharge at the Lutaizi station of 13000-15000 m3/s (HRC 1991). 
If the flood diversion and retarding areas had not been used, the forecasted peak discharge 
would have fallen within the range of natural peak discharge.  
Figure 1 Simulated and observed discharge hydrographs from June 20 to July 15, 2002 
(2) The Bengbu station: Table 5 shows that the accuracy of the simulated results of the 
five flood events in which the flood diversion and retarding areas were not used was high and 
reached the first grade of The Accuracy Standard of Hydrological Forecasting in China 
(HBMWRC 2001). The other seven floods were influenced by the flood diversion and 
retarding areas. The seven forecasted peak discharges and four forecasted flood volumes were 
larger than those observed. For the 1991 flood season, the forecasted peak discharge of the 
first flood was larger than the observed peak discharge, while the forecasted flood volume of 
the second flood was almost the same as the observed flood volume of the same period. The 
flood detention ponds had been opened during the first flood event, so the forecasted flood 
volume for the second flood event was not reduced again. 
(3) The four sub-basins (see Table 6): the total area of the four sub-basins north of Hongze 
Lake is 24072km2. For the seven flood events, the errors of flood volume were less than 20% 
and were acceptable according to the standard. Because the four sub-basins are located in the 
plain and there are many gates, which are difficult to simulate but greatly influence the discharge 
hydrograph, the accuracy of the forecasted peak discharge was not high.  
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(4) The Mingguang station (see Table 7): the Mingguang sub-basin area is 3000km2, and 
the Mingguang station is located at the outlet of the sub-basin. Because of the influence of the 
dam near the Mingguang station, the errors in the forecasting of flood volume of four flood 
events were acceptable, although the accuracy of the forecasted peak discharge was not high.  
Because the selected hydrological data are not sufficient, model verification was not 
conducted for the same flood events. It was performed in practical applications of the model to 
the large flood of 2005. 
6 Model verification and practical application to the large 
  flood of 2005 
The study described above was conducted from 2001 to 2004. The software system was 
compiled in VB 6.0. Real-time hydrological data from 68 rain gauge stations and the related 
discharge and water stage were obtained from the Flood Control and Drought Relief Office of 
Jingsu Province. They were then processed automatically and stored in the database. At the 
beginning of 2005, the system was put into practical use at the Flood Control and Drought 
Relief Office of Jiangsu Province, located in Nanjing. This made for a good trial. According to 
the first forecasted flood inflow to Hongze Lake, Sanhe Gate was allowed to open a week 
before the flood flow entered Hongze Lake, which enabled the flood to flow downstream 
quickly and reduced flood disasters in the upper basin of Anhui Province.  
The flood of 2005 almost covered the study basin and the major precipitation lasted from 
July to September, causing the formation of basin-wide floods with maximum water stages at 
some stations higher than those of 1991. Table 8 shows the forecasted results. Figure 2 shows 
the forecasted and observed discharge hydrographs, from which the following conclusions can 
be drawn. 
Table 8 Forecasted flood event from July 5 to September 28, 2005 at Lutaizi and Bengbu stations   
Runoff Peak discharge 
Station Observed 
(108 m3)
Forecasted 
(108 m3)
Relative 
error (%)
Observed 
(m3/s)
Forecasted 
(m3/s)
Relative 
error (%) 
Nash- 
Sutcliffe 
criterion 
Lutaizi 256.95 228.85 10.90 7 195 7 105 1.1 0.81 
Bengbu 296.77 296.74  0.01 6 700 7 941 18.5 0.63 
(1) High accuracy has been achieved for both stations.  
(2) The forecasted peak discharge of the flood at the Lutaizi station was almost the same 
as the observed. The result is reasonable.  
(3) The forecasted flood peak discharge was larger than the observed one for the Bengbu 
station. Actually, during the flood period, the main flood diversion and retarding areas were 
not used, but several smaller flood diversion and retarding areas were used, so the forecasted 
results are reasonable and reliable. 
In summary, the flood forecasting system is reliable and can be used for practical 
forecasting.
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Figure 2 Simulated and observed discharge hydrographs of Lutaizi station from July 5 to September 28, 2005 
7 Conclusions and further study topics 
The upper basin above Hongze Lake is 15.8×104 km2 in area. It is a large, complicated 
basin with many reservoirs, flood and irrigation gates or low dams, and flood diversion and 
retarding areas, which make flood forecasting even more difficult. Trial studies on 
rainfall-runoff forecasting in this large, complicated basin have been made. From a practical 
point of view, the forecasted results are reasonable and reliable. Because of the complexity of 
the problem, further research is necessary. 
(1) The integrated effect of the operation of flood diversion and retarding areas as well as 
various gates in the river networks should be considered in further studies. The main purpose 
of the system is to forecast the inflow to Hongze Lake based on the rainfall in the Huaihe 
Basin. The operation of various water conservancy projects has not been considered in detail. 
The only considerations are the open rates of Fuyang and Mengcheng gates and the influence 
of irrigation needs on the reservoir outflow.  
(2) The different mechanisms of runoff formation should be studied from the perspective 
of flood forecasting. There are various hydrological characteristics in the upper basin of 
Hongze Lake. Because of the different topographic characteristics, the parameters of the 
Xin’anjiang model are different for different sub-basins.  
(3) The main channel downstream of the Linhuaigang Reservoir will be rebuilt in a few 
years, the hydrological situation will fundamentally change. As a consequence, the present 
method of hydrological channel routing will not be suitable and the hydraulic method for 
channel flood routing should be used.  
(4) In the present study, the parameters of the sub-basin without observed discharge data 
could not be calibrated directly. They were first roughly estimated based on a sub-basin with 
similar hydrological characteristics and then calibrated as part of the whole flood forecasting 
system. Therefore, methods of obtaining model parameters of large basins directly from the 
soil data and a DEM should be studied (Lacroix et al. 2002; Olivera and Maidment 1999) in 
future research.  
(5) Methods of using weather radar should be further studied (Li et al. 2005; Jasper et al. 
2002; Peters and Easton 1997). In this study, the real-time data in the flood forecasting system 
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were collected from the Flood Control and Drought Relief Office of Jiangsu Province. This 
office only has data from 68 rain gauge stations. Each station represented around 2000km2 of 
the total basin area of 15.8×104km2, increasing the difficulty of accurate flood forecasting.  
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